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Description 



[LASER ANNEALING APPARATUS AND 
LASER ANNEALING PROCESS] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93106427, filed March 11, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a thin film transistor 

manufacturing process, and more particularly to a laser 
annealing process of a low-temperature polysilicon thin 
film transistor. 

[0004] Description of Related Art 

[0005] By the advance of technology, video products, especially 
digital video or image devices, have been widely used. For 
the time being, the digital video or image devices getting 
the most attention is thin film transistor liquid crystal dis- 
play (TFT LCD). In a variety of thin film transistors, 



polysilicon thin film transistors have electron mobility 
over 200cm 2 /V-sec that is higher than that of amorphous 
silicon thin film transistors. Therefore, the dimension of 
the thin film transistor is reduced and the aperture ratio 
thereof is increased. Accordingly, the brightness of dis- 
plays is enhanced and the power consumption is reduced. 
[0006] p r j or ar t method of fabricating the polysilicon thin film 
transistor uses the solid phase crystallization (SPC) pro- 
cess. Because of its high processing temperature, up to 
1000°C, a substrate, such as quartz substrate, with high 
melting point is required. Moreover, the quartz substrate 
is more expensive than the glass substrate. By the limita- 
tion of the substrate dimension, the size of the display is 
merely about 2 to 3 inches. It can only be applied to 
small-size displays. With the advance of laser technology, 
an excimer laser annealing process is developed. In the 
aforementioned excimer laser annealing process, the the 
amorphous silicon thin film is illuminated using the laser 
beam so that the amorphous silicon thin film is melted 
and recrystallizes to form the polysilicon thin film. The 
process can be carried out at a temperature under 600°C. 
Therefore, the glass substrate with manufacturing costs 
lower than the quartz substrate can be applied to fabri- 



cate the polysilicon thin film transistor. Accordingly, it can 
be applied to fabricate large-dimension displays. 

[0007] p r j or ar t apparatuses for inspecting the quality of the 

polysilicon thin film include, for example, scanning elec- 
tron microscopy (SEM), ellipsometer or deep UV mi- 
croscopy. When scanning electron microscopy (SEM) is 
used to inspect surfaces of thin films, the substrate with 
thin film thereon should be cut into small pieces. The 
method is called a destructive test and effects the electri- 
cal property of the polysilicon thin film. Although ellip- 
someter can perform a non-destructive inspection to the 
polysilicon thin film for avoiding the damage to the sur- 
face of the sample, it needs high cost and longer time to 
inspect. The deep UV microscopy also has the disadvan- 
tage of high cost. Accordingly, the prior art inspection 
technology is limited thereto. 

[0008] it should be noted that, during the laser annealing pro- 
cess, the film quality depends on the grain size and the 
other material properties. The material properties are 
dominated by the energy density of the laser beam used 
during the process. In prior art, after the inspection is 
complete, the result of the inspection is taken as refer- 
ence for adjusting the energy density of the laser beam 



for obtaining the polysilicon thin film with better quality. 
However, the prior art inspection is performed after the 
processing of the whole batch is complete, and cannot be 
integrated during the annealing process. Therefore, the 
adjustment to the process parameters cannot be per- 
formed until processing the next batch . It cannot provide 
a real-time adjustment and efficiently improve yield rate 
and film quality. 
Summary of Invention 

[0009] Accordingly, the present invention is directed to a laser 
annealing apparatus, which adapted for providing a real- 
time inspection during the laser annealing process and to 
optimize the energy density of the laser beam for improv- 
ing yield rate and film quality. 

[0010] The present invention is also directed to a laser annealing 
process, adapted for performing a real-time inspection 
after forming the polysilicon thin film, and to optimize the 
energy density of the laser beam, according to the inspec- 
tion, for improving yield and film quality. 

[001 1] According to an embodiment of the present invention, a 
laser annealing apparatus, which is adapted for perform- 
ing a laser annealing process for annealing an amorphous 
silicon thin film. The laser annealing apparatus comprises 



a laser-generating module, a resistance-measurement 
module and a host circuit module. The laser-generating 
module is adapted to provide a laser beam to recrystallize 
the amorphous silicon thin film to form a polysilicon thin 
film. The resistance-measurement module is adapted to 
measure a sheet resistance of the polysilicon thin film for 
obtaining a sheet resistance value. The host circuit mod- 
ule is electrically coupled to and between the laser- 
generating module and the resistance-measurement 
module. The host circuit module, according to the sheet 
resistance value, outputs a feedback signal to the laser- 
generating module for optimizing an energy density of the 
laser beam. 

[0012] | n an embodiment of the present invention, the laser an- 
nealing apparatus further comprises a supporting module, 
wherein the supporting module is moveably located be- 
tween the laser-generating module and the resistance- 
measurement module. Also, the supporting module is 
electrically coupled to the host circuit module and 
adapted to support the amorphous silicon thin film for 
laser annealing process. After the recrystallization of the 
amorphous silicon thin film, the supporting module sup- 
ports the polysilicon thin film to perform resistance mea- 



surement. 

[0013] | n the embodiment of the present invention, the resis- 
tance-measurement module comprises, for example, a 
measurement terminal and an output circuit, wherein the 
measurement terminal can be, for example, a probe set, 
adapted to measure the sheet resistance of the polysilicon 
thin film. The output circuit is electrically coupled to and 
between the measurement terminal and the host circuit 
module, adapted to output a signal represents the sheet 
resistance to the host circuit module. 

[0014] | n the embodiment of the present invention, the host cir- 
cuit module, for example, is installed a database, wherein 
the database, for example, stores a plurality of referential 
resistance values. The host circuit module is adapted to 
compare the sheet resistance value and the referential re- 
sistance values for obtaining the feedback signal. 

[0015] in the embodiment of the present invention, the laser- 
generating module comprises, for example, a laser beam 
source and a control circuit, wherein the laser beam 
source can be, for example, an excimer laser; and the 
control circuit is electrically coupled to and between the 
laser beam source and the host circuit module, adapted to 
receive the feedback signal form the host circuit module 



and to optimize the energy density of the laser beam ac- 
cording to the feedback signal. 
[0016] According to the descriptions above, the present invention 
discloses a laser annealing process, comprising: (a) pro- 
viding a laser beam to crystallize one of a plurality of 
amorphous silicon thin films to form a polysilicon thin 
film; (b) measuring a sheet resistance of the polysilicon 
thin film for obtaining a sheet resistance value; (c) com- 
paring the sheet resistance value and a plurality of refer- 
ential resistance values; and (d) optimizing an energy 
density of the laser beam according to the comparison of 
the sheet resistance value and the referential resistance 
values. 

[0017] | n an embodiment of the present invention, the laser an- 
nealing process further comprises: (e) providing the opti- 
mized laser beam to recrystallize another one of the 
amorphous silicon thin films to form another polysilicon 
thin film. In addition, the laser annealing process, for ex- 
ample, further comprises: repeating the steps (b) to (e) 
several times. 

[0018] | n an embodiment of the present invention, before the 

step (a), the laser annealing process further comprises: (f) 
individually providing the laser beam with different energy 



densities to a plurality of amorphous silicon thin film 
samples so as to recrystallize each amorphous silicon thin 
film sample to a polysilicon thin film sample; and (g) mea- 
suring sheet resistances of the polysilicon thin film sam- 
ples, serving as the referential resistance values. 

[0019] Accordingly, the laser annealing process performs a real- 
time inspection by integrating the resistance-mea- 
surement module in the laser annealing apparatus, for 
obtaining the sheet resistance value of the polysilicon thin 
film. Then, the sheet resistance value and the referential 
resistance values are compared. According to the compar- 
ison, the feedback signal is output to the laser-generating 
module for optimizing the energy density of the laser 
beam. Because the laser annealing apparatus can in real- 
time optimize the energy density of the laser beam 
source, yield rate and the film quality can be improved. 

[0020] | n order to make the aforementioned and other objects, 
features and advantages of the present invention under- 
standable, a preferred embodiment accompanied with fig- 
ures is described in detail below. 
Brief Description of Drawings 



[0021] FIG. 1 is schematic drawing showing a laser annealing ap- 
paratus according to an embodiment of the present in- 



vention. 

[0022] FIG. 2 is a figure showing the curves of the empirical pa- 
rameters of the laser annealing process that include the 
energy density of the laser beam, the grain size and the 
sheet resistance value of the polysilicon thin film accord- 
ing to the present invention. 

[0023] FIG. 3 is a process flow showing a preferred laser anneal- 
ing process of the present invention. 
Detailed Description 

[0024] FIG. 1 is schematic drawing showing a preferred laser an- 
nealing apparatus of the present invention. Referring to 
FIG. 1, the laser annealing apparatus 100 is, for example, 
adapted for a laser annealing process. The laser annealing 
apparatus 100 comprises, for example, a laser-generating 
module 110, a resistance-measurement module 120, a 
host circuit module 130 and a supporting module 140. A 
first supporter 142 of the supporting module 140 sup- 
ports is used to support a first substrate 152 with an un- 
annealed amorphous silicon thin film; and a second sup- 
porter 144 of the supporting module 140 is used to sup- 
port a second substrate 154 with an annealed polysilicon 
silicon thin film. In addition, a transferring apparatus 146 
is disposed between the first supporter 142 and the sec- 



ond supporter 144, and adapted to transfer the substrate 
on the first supporter 142 to the second supporter 144. 

[0025] Referring to FIG. 1, the host circuit module 130 is in- 
stalled in, for example, a database 132. The database 
stores, for example, a plurality of empirical parameters of 
the laser annealing process, such as energy density of the 
laser beam, the sheet resistance values of polysilicon thin 
films responding thereto, or the grain sizes of the polysil- 
icon thin films responding thereto. In addition, the resis- 
tance-measurement module 120 comprises, for example, 
a measurement terminal 122 and an output circuit 124. 
The measurement terminal 122 is, for example, a probe 
set which is disposed over the second supporter 144 and 
adapted to measure the sheet resistance of the polysilicon 
thin film on the second substrate 154. The output circuit 
124 is electrically coupled to and between the measure- 
ment terminal 122 and the host circuit module 130, 
adapted to output a signal represents the sheet resistance 
value measured by the measurement terminal 122 to the 
host circuit module 130. 

[0026] Referring to FIG. 1, the laser-manufacturing module 110 
comprises, for example, a laser beam source 112 and a 
control circuit 114. The laser beam source 112 is, for ex- 



ample, an excimer laser, adapted to provide a laser beam 
112a to the first substrate 152 for performing a laser an- 
nealing thereon. The control circuit 114 is electrically 
coupled to and between the host circuit module 130 and 
the laser beam source 112. When receiving the signal rep- 
resents the sheet resistance value from the resistance- 
measurement module 120, the host circuit 130 outputs a 
feedback signal responding thereto to the control circuit 
1 14 for optimizing the energy density of the laser beam 
112a. 

[0027] The laser annealing apparatus, according to an embodi- 
ment of the present invention, can in real-time measure 
the sheet resistance value of the polysilicon thin film dur- 
ing the laser annealing process, and optimize the energy 
density of the laser beam referring to the empirical pa- 
rameters stored in the database. The empirical parameters 
of the laser annealing process can be obtained not only 
from the last annealing processes, but also from the an- 
nealing processes performed on a plurality of amorphous 
silicon thin film samples with different energy densities of 
laser beams for measuring the sheet resistance values and 
grain sizes of the formed polysilicon thin film samples as 
the empirical parameters. 



[0028] FIG. 2 is a figure showing the curves of the empirical pa- 
rameters of the laser annealing process that include the 
energy density of the laser beam, the grain size and the 
sheet resistance value of the polysilicon thin film accord- 
ing to the present invention. The curve 210 represents the 
relation between the energy density of the laser beam and 
the sheet resistance value of the polysilicon thin film. The 
curve 220 represents the relation between the energy 
density of the laser beam and the grain size of the polysil- 
icon thin film. For example, when the sheet resistance 
value of the polysilicon thin film is Rc, the energy density 
responding thereto is about Ec according to the curve 
210, and the grain size is about SI according to the curve 
220. If the larger grain size S2 is desired, the energy den- 
sity of the laser beam should be increased according to 
the trend of the curve 220 for obtaining the polysilicon 
thin film with larger grains. The laser annealing apparatus 
of the present invention can fabricate desired polysilicon 
thin film by consecutive feedback and adjusting opera- 
tions. 

[0029] According to the laser annealing apparatus described 

above, following are the descriptions of the laser anneal- 
ing process applied thereto. FIG. 3 is a process flow 



showing a preferred laser annealing process of the 
present invention. The laser annealing process, according 
to an embodiment of the present invention, is adapted for 
annealing a plurality of amorphous silicon thin films. First, 
a laser beam is provided to one of the amorphous silicon 
thin films (step 302). Then, the sheet resistance of the 
polysilicon thin film is measured for obtaining a sheet re- 
sistance value (step 304). Next, a comparison between the 
sheet resistance value and referential resistance values is 
performed, and the energy density of the laser beam can 
be optimized according to the comparison (step 306). 
Then, the optimized laser beam is provided to recrystal- 
lize another amorphous silicon thin film to form another 
polysilicon thin film (step 308). Then the steps from 304 
to 308 mentioned above are repeated to anneal the other 
amorphous silicon thin films. 
[0030] please referring to FIGS. 1-3, in step 302, the polysilicon 
thin film annealed by the laser beam 112a is formed on, 
and the second substrate is transferred to the second 
supporter 144 by the transferring apparatus 146. In step 
304, the measurement terminal 122 measure the sheet 
resistance of the polysilicon thin film on the second sub- 
strate 154, and a signal represents the sheet resistance 



value is output to the host circuit module 130 via the out- 
put circuit 124. In step 306, the host circuit module 130 
compares the sheet resistance value and the sheet resis- 
tance values stored in the database. For example, accord- 
ing to the curves 202 and 204 and a desired grain size, a 
feedback signal is output to the control circuit 114 of the 
laser-generating module 110. The control circuit 114, 
then, controls the laser beam source 112 and optimizes 
the energy density of the laser beam 112a by the feed- 
back signal. In step 308, the optimized laser beam 112a is 
applied to anneal the amorphous silicon film formed on 
another first substrate 152. Combined with the steps de- 
scribed, a cycle of laser annealing process is performed. 
[0031] Accordingly, during the laser annealing process, the laser 
annealing apparatus measures the sheet resistance value 
of the polysilicon thin film via the resistance-mea- 
surement module. Then, the sheet resistance value is 
compared with the empirical parameters of the last or 
sampling processes, and the energy density of the laser 
beam is optimized for obtaining the desired film quality. 
In addition, the laser annealing apparatus of the present 
invention can measure the sheet resistance value during 
the laser annealing process and optimize the energy den- 



sity of the laser beam. Even if the process environment is 
changed or the material property is different, the energy 
density of the laser beam can be appropriately adjusted. 
The laser annealing apparatus of the present invention 
can optimize the energy density of the laser beam for ob- 
taining better film quality and the yield rate of the laser 
annealing process. 
[0032] Although the present invention has been described in 
terms of exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention, which may be made by those 
skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 



